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[57] ABSTRACT 

In a code division multiple access (CDMA) spread spectram 
cellular c(xnimmicatlon system in which a mobile station 
user conmuioicates with anodicr system user via at least one 
base station, wherein each base station transmits a ccnmnon 
pilot signal of a different code phase with respect to other 
base stations in said syst^ a method for directing com- 
munications between said mobile station user and said base 
stations. The mobile station monitors the signal strength of 
pilots and reprats the measured signal strength to a system 
controller via the base station through which it is commu- 
nicating. Command messages from the system controller to 
a new base station and the mobiles station establishes 
communication through the new base station in addition to 
the communication through the current base station. When 
the mobile station detects the falling bdow a predetermined 
level of the signal strength of a pilot corresponding to at least 
one of the base stations through which the mobile station is 
communicating, the mobile station reports the measured 
signal strength indicative of the corresponding base station 
to the system controller via the base stations through v/tdch 
it is communicating. Command messages firom die system 
controller to the identified base station and the mobiles 
station terminates communication through the oorrespond- 
ing base station while communications through the other 
base station or base stations continue. 

15 Claims, 8 Drainng Sheets 
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MOBILE STATION ASSISTED SOFT cells. The handoff from one cell to another is initiated when 

HANDOFF IN A CDMA CELLULAR the receiver in the cell base station handling the call notices 

COMMUNICATIONS SYSTEM that the received signal strength from the mobile telephone 

falls below a predetemdned thrcstK)ld value. A low signal 

This is a continuation of Scr. No. OS/134356 filed Oct 5 strength indication implies that the mobile telephone must 

8, 1993, now abandoned which is a continuation of appli- be near the cdl border. When the signal level fails below the 

cation Scr. No. 07/847,148 filed Mar. 5^ 1992 now issued as predetermined threshold value, the base station asks the 

U.S. Pat. No. 5.267^61. system controller to determine whe&er a neighboring base 

station receives the mobile telephone signal with better 

BACKGROUND OF THE INVENTION iq strength than the current base station. 

L Held of the Invention Hie system controller in response to flie cmrent base 

The present q)plication is a related to copending U.S. station inquiry sends messages to the neighboring base 
patent application Ser. No, 07/433,030, filed Nov. 7, 1989, stations with a handoff request Hie base stations neighbor- 
entitled **MErHOD AND SYCTEM FOR PROVIDING A ing tbe current base station employ special scanning receiv- 
SOFT HANDOFF IN COMMUNICATIONS IN A CDMA crs which look for tiie signal from the mobile telephone on 
CELLULAR TELEPHONE SYSTEM'' now U.S. Pat NO. the specified channel. Should one of the neighboring base 
5,101.501 and as such also relates cellular communicatioas stations report an adequate signal level to the system 
systems. More specifically, the present invention relates to a controller, then a handoff will be attempted, 
novel and improved system for controlling the handoff in Handoff is then initiated when an idle channel from the 
communications of a mobile station between cdl base ^ channel set used in tiie new base station is selected. A control 
stations or sectors thereof in a code division midtq>le access message is sent to the mobile telephone commanding it to 
(CDMA) cellular communications system. switdi from the current diannel to the new channel At the 

n. Description of the Related Art same time, the system controller switches the call from tiie 

The use of code division multiple access (CDMA) modu- 35 ^^^^^ *® 

lation techniques is but one of several techniques for facili- In the conventional system a call will be discontinued if 

tating communications in which a large number of system the handoff to the new base station is unsuccessful. There are 

users are present Although other techniques such as time many reasons that a failure in handoff may occur. Handoff 

division multiple access (TDMA), frequency division mul- can fall if there is no idle channel available in die neigh- 

tiple access (FDMA) and AM modulation schemes such as boring cell for communicating the call. Handoff can also fail 

amplitude companded single sideband (ACSSB) are known, if another base station reports hearing the mobile telephone 

CDMA has significant advantages over these other modu- in question, when in fact this base station actually hears a 

lation techniques. The use of CDMA techniques in a mul- different mobile telephone using the same channel in a 

tiple access communication system is disclosed in U.S. Fat completely different celL This r^xnting error will result in 

No. 4,901307, entided "SPREAD SPECTRUM MUL- 35 tiie call being switched to a wrong cell, Really one in 

TDPLE ACCESS COMMUNICATION SYSTEM USING which signal strength is insufficient to maintain consmuni- 

SATELLTTE OR TERRESTRIAL REPEATERS'*, assigned cations. Furthermore should tiie mobile telephone fail to 

to tiie assignee of tiie present invention, the disclosure hear tiie conamand to switch channels, the handoff wiU fail 

thereof incoiporated by reference. Actual operating experience indicates that handoff failures 

In die just mentioned patent, a multiple access technique 40 occur frequentiy which questions tiie reliabffity of tiie sys- 

is disclosed where a large number of moWle telephone tcn^ 

system users, each having a transceiver, communicate Another common problem in the conventional telephone 

through satellite repeaters 01 terrestrial base stations (also system occurs when the mobile telephone is near the border 

known as cell base stations, or ceU^sites) using code division between two cells. lii this situation the signal level tends to 

multiple access (CDMA) spread spectnmi communication 45 fluctuate at both base stations. This signal level fluctuation 

signals. In using CDMA communications, the frequency results in a ping-ponging situation in which repeated 

spectrum can be reused multiple times thus permitting an requests are made to hand the call back and forth between 

increase in system user capacity. The use of CDMA tech- the two base stations. Such additional unnecessary handoff 

niques results in a much higher spectral efficiency than can requests increase the possibility of the mobile station incor- 

be achieved using other multiple access techniques. 50 rectiy hearing the channel switch coimmnd or failing to hear 

In the conventional cellular telephone systems the avail- the command at all. Furthermore, the ping-ponging situation 

able frequency band is divided into channels typically 30 raises die possibility that the call will be discontinued If it is 

KHz in bandwidtii while analog FM modulation techniques inadvertently transferred to a cell hi which all channeb are 

arc used. The system service area is divided geographically currentiy in use and tiius unavailable for accepting tiie 

into cells of varying size. The available frequency diannels 5s handoff. 

are divided into sets with each set usually containing an In the copending parent application a method and system 

equal number of channels. The frequency sets are assigned are disclosed for providing a communication witii the 

to cells in such a way as to minimize the possibility of mobile station through more than one ceU base stations 

co-channel interference. For example, consider a systcin in during the handoff. In this environment communication 

which there are seven frequency sets and the cells are equal 60 between the mobile station and the other user is uninter- 

sizc hexagons. A frequency set used in one cell will not be rupted by the eventual handoff from the base station corre- 

used in the six nearest or surrounding neighbors of that cell. sponding to cdl from which the mobile station is exiting to 

Fiuthermore, the frequency set in one cell will not be used the base station corresponding to cell from which the mobile 

in the twelve next nearest neigfibors of that cell. station is entering. This type of handoff may be considered 

In the conventional cellular telephone system, the handoff ^ as a "soft" handoff in communications between cell base 

scheme implemented is intended to allow a call to continue stations witii the mobile wherein two or more base stations 

when a mobile telephone crosses the boundary between two or sectors of a base station transmit concurrentiy to the 



04/30/2004, EAST Version: 1.4.1 



5,640,414 

3 4 

mobile station. Similar arc the techniques fcx a handoff controller receives this message via at least one of the base 

between a sector of one cell and another cell, and a handoff stations through which the mobile station is communicating, 

between sectors of a same cell base station for a sectodzed The system controller may &en decide to terminate com- 

ceii. munications through the base station whose pilot signal 

Thepresentinvention provides a substantial improvement 5 ^ T'""^ ^ ^"^""^ 

over current cellular telephone systems with respect to ^ ° * ^ „ j .j. . . 

mobile station handoflP. The makobefore-break handoff ^'^^ ''''''T^u "P?",.^^^*^^ 

mentmoveraUsystcmichab^^ station is to coLiunicate through. In this message which 

non. The miplem<mtaUon of a base station diva^^^ lO identifies pilots oftheActive Set, ttiepUot of the base station 

provides further inaprovcmcnts ova conventional cdlular ^jj^^h communications with the raobUc station are to be 

telephone systems by providmg additional systcmrdiabilily terminated is not identified. The system controUer also 

and quality in communications. communicates information to the base station not identified 

It is therefore an object of the present invention to provide in the Active Set to terminate communications with the 

in a ceEular communication system an improvement in call mobile station. The mobile station, upon receiving the 

handoff in communications of a mobile station between base message identifying pilots of the Active Set, discontinues 

station so as to provide greater service reliability and quality. processing signals fi-om the base station whose pilot is no 

longer in the Active Set. The mobile station communications 

SUMMARY OF THE INVENTION ^ ^^juted only through base stations identified by pilots 

The present invention provides a novel and improved in the mobile station Active Set In the case where there were 

methodandsystemfordirectingahandoffinmobilestation previously more than one pUot identified in the Active Set 

communication between base stations. The present inven- ®^®t ^ mobile station comniunicates only to 

tion is described herein in an exemplary embodiment as a *® ^*se station corresponding to the pilot identified in 

cellular communication system which uses code division 35 niobile station Active Set 

multiple access (CDMA) modulation techniques. In tiie Since the mobOe station is communicating with the user 
system, each base station transmits a pilot signal of a via at least one base station at all times throughout the 
common PN spreading code offset in code phase from pilot handoff there is no interruption in communications between 
signals of other base stations. In system communications tiie mobUe station and the user. A soft handoff in commu- 
with the mobile station, the mobile station is provided with 3Q nications provides significant benefits in its inherent *'make 
a list of PN offsets corresponding to base stations of neigh- before break" communication over conventional "break 
boring cells. In addition the mobile is provided with a before make" techniques employed in other cellular corn- 
message which identifies at least one pilot corresponding to munication systems. 

a base station to which the mobile station is to communicate BRIEF DESCRIPTION OF THE DRAWINGS 

tiirough. These lists arc stored at the mobEe station as a ^ ^ ^ ^ ^ , . . .„ 

Neighbor Set and an Active Set of pilots. These lists are ^ Thefeaturesandadvantagesof the present mvention will 

updated as conditions change. ^"^^ apparent from tiie detailed descnpUon set 

, ^ ^ uv t. J 1-51 forth below when taken in conjunction with the drawings in 

-Whei, «mininmcaUons are estahbsted wilh inoMc ^^^^^^ cotrespond throughout and 

Station through a base station, one which corresponds to the wherein' 

mobile station Active Set, tfie mobile station monitors the 40 * . ^. . ^ , ^^^^ma 

agnal strength of ideatiflahle pilot signals transmitted from 1 "fa scheii«tic overview of an exMipl|^ 

thlvaiious base stations. When a pUot signal exceeds a f ^""^ «y<^ ^ accoidance wilh the ptesent 

predetermined threshold level in signal strength, the pilot is mvenaon, 

added to a Candidate Set at the mobile. The mobUe com- diagram of a moWle station telq)hone 

municates a message to tiie base station identifying this new 45 configured for CDMA communications in a CDMA ceUular 

pilot and its signal strengtii. A system controUer tiien uses telephone system; 

tills information to deddc whctiier to add this pflot to tiic FIG- 3 is a block diagram of a base station equipment in 

mobile station Active Set. Should die system controUer ^ CDMA ceUular telephone system; 

decide to do so, a message is transmitted to the mobUe FIG. 4 is a block diagram of a mobile tdephooe switching 

station through at least tiie base station which the mobUe 50 office equipment; 

station is currentiy communicating through. This message FIG. 5 is a timing diagram illustrating the determination 

identifies the pUots of the Active Set which correspond to of pilot PN phase; 

base stations through which the mobUc station is to com- FIG. 6 is a diagram iUustrating the various events occur- 

municate. The system controller also communicates infor- ring as a pilot signal rises and falls in signal strength; 

mation to each base station corresponding to a new pUot in 55 piG. 7 is a diagram iUustrating the events as a pilot signal 

the Active Set which instructs each of these base stations to xises in signal strengtii above Active Set pilot signal; 

estabUsh communications wltii the mobfle station. The pjQ g ^ diagram of tiie caU processing for a soft 

mobUc station communications arc thus routed tiirough aU handoff in communications from one base station to anotiier, 
base stations identified by pilots in tiie mobUe station Active 

^ ^ ^ FIG. 9 is a flow diagram of the caU processing for a 

When the mobUe station is communicating tiu:ough mul- sequential soft handoff in communications between base 

tiple base stations, the pUot signal strength of these base station. 

station along with other base stations is monitored by the ommrr 

mobUe station. Should a pUot signal corresponding to a pUot ^^^^^^^^ DESCRIPTION OF THE 

of the Active Set drop below a predetermined tiireshold fa: 65 PREFERRED EMBODIMENTS 

apredeterminedperiodof time, the mobile station generates In a CDMA cellular communication system, the same 

and oransmits a message to report the event The system frequency band can be used for all ceUs. The CDMA 
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wavefonn properties that provide processing gain are also The pilot signal as transmitted by each base station is of 

used to discriminate between signals that occupy the same the same PN spreading code but with a different code phase 

frequency band. A mobile station, or for short mobile, such offset For example, in the present invention the ^ot signal 

as a vehicle mounted telephone or portable telephone, or spreading code is of a PN code length of 2". In tfis exan^le 

personal communications system (PCS) handset, thus need 5 there are Sll different offsets from the zero offset, where the 

not switch frequencies when handoff of ttie call is made from offsets are in increments of 64 PN chips. It is tiiis phase 

one base station to another. Furthennore, the probability that offset which allows the pOot signals to be distinguished from 

the call will be discontinued if the handoff command is one another by the mobile station, resulting in a differen- 

received in error is substantially reduced. tiation between base stations from whidi they originate. Use 

In a CDMA cellular communications system, each base of the same pilot signal code allows the mobile station to 

station has a plurality ofmodulator-demodulator stations or find system timing synchronization by a single search 

spread spectrum modems. Each modem consists of a digital throu^ all pilot signal code phases. The strongest pilot 

^ad spectrum transmit modulator, at least one digital signal, as determined by a correlation process for each code 

spread spectrum data receiver and a searcher receiver. Each phase, is readily identifiable. The identified pilot signal 

modem at the base station is assigned to a mobile as needed generaUy corresponds to the pilot signal transmitted by the 

to faciUtate communications witih the assigned mobile. ^ ^^^rest base station. 

Therefore in many instances many modems are available for Each base station also transmits a sync channel signal 

use while other ones may be Active in communicating with which is amodulated, encoded, interleaved, dkect sequence, 

resoective mobiles spread spectrum signal used by the mobile stations to 

7 ^. * . * *. u A ^ u • ^t^..^A acquire additional synchronization, system time and, along 

In the present inyenuon, a handoff scheme is employed ^^^j^^^ ^^^^j inf1c>rmation. Monnation 

for a CDMA cellular commumcations system, such as a ^ ^^^ identification, network identification, a pilot 

CDMAceUular telephone, Private Branch Exchange, or PCS ^^^^^ ^^^3^^ ^^^^x, a long code state, current system 

system, in which a new base station modem is assigned to ^j^^g parameters, and paging channel 

a mobile while the old base station continues to service the transmitted on the sync channeL It should be 

call. When the mobile is located in the transition region ^5 noted that the pilot PN sequence offset index identifies an 

between the two base stations, die call can be provided offset value from a zero offset pilot PN sequence. The sync 

through the various base stations as signal strength dictates. channel signal is despread using the same pilot PN sequence 

Since the mobile is always communicating through at least offset as the pilot channel. 

one base station, no disrupting effects to the mobile station Eax^ base station also transmits on one or more paging 

or in service will occul It should be understood that many ^ channels conesponding paging channel signals. The paging 

aspects of the handoff techniques disclosed herein are also channel signals arc modulated, intedeaved, scrambled* 

applicable to handoffs between sectors in a sectorized celL direct sequence, spread spectrum sigiials, which contain 

When mobile station communications are firmly estab- control and overhead infonnatlon. The paging channel is 
lished with new base station, e.g. the mobile is well used as such to conmmnicate global and mobile station 
within die new cell« the old base station discontinues ser- 35 specific orders, including pages. Overhead messages trans- 
vicing the call. The just described handoff tedmiques can be mitted on &e paging channel include a system parameters 
considered as a "soft" handoff in communications between message, which contains general system and base station 
base stations with the mobile. The soft handoff is in essence overhead information; an access parameters message, which 
a make-before-break switching function. In contrast, con- contains information to be used by the mobile station on an 
ventional cellular telq)honc systems can be considered as 4^ access channel when accessing the system; a neighbors list 
providing a break-before-make switching function. message which identifies to the mobile station the pilot 

In a CDMA cellular communication system of the present signal PN sequence offset of the neighboring base stations; 

invention, a soft handoff technique is implemented which and a CDMA channel list identifying the 1.25 MHz CDMA 

also permits the mobile station to initiate a handoff. The channels available in this base station. The sync channel 

mobile is also permitted to determine the best new base 45 transmitted long code state message is used by the mobile 

station to which communications are to be transferred to station to descramble the paging channel saambled signaL 

from an old base station or base station sector. Like the sync channel signals, the paging channel signals 

Although it is iseferred that the mobile initiate the handoff spread and despread using die same pilot PN sequence offset 

request and deternune the new base sution, handoff process as the pilot channeL 

decisions may be made as in the conventional cellular so Each base station transmits user information to an 

telephone systeoL As discussed previously widi respect to intended mobile station on a selected one of a plurality of 

conventional systems, the base station determines when a tiafSc channels. Each mobile station is dius assigned to a 

handoff may be t^propriate and, via the system controller, unique trafSc channel for receiving Ike mobile station 

requests neighboring ceUs to search for the mobile's signaL intended information. The traffic channel signals are 

The base station receiving the strongest signal as determined S5 modulated, interleaved, scrambled, direct sequence, spread 

by the system controller then accepts the handoff. spectrum signals transmitted to mobile stations on a respec- 

In the CDMA cellular communication system, each base tivc traflSc channel. Information received in die sync channel 

station transmits a upon pilot channel a **pilot carrier" signal message is used by the mobile station to descranible the 

or, for short, pilot signal. The pilot signal is an unmodulated, traffic channel scrambled signaL 

direct sequence, spread spectrum signal transmitted at all 60 Further details on the modulation scheme for the various 
times by each base station using a common pseudorandom channels of the tsase station are described in a co-pending 
noise (PN) spreading code. The pilot signal allows the U.S. patent application entitled "SYSTEM AND METHOD 

mobile stations to obtain initial system synchronization, Le. FOR GENERATING SIGNAL WAVEFORMS IN A CDMA 

timing, in addition to providing a phase refereace for coher- CELLULAR TELEPHONE SYSTEM', Ser. No. 07/543, 
ent demodulation and a reference for signal strength for 65 496, filed Jun. 25, 1990, now U.S. Pat No. 5,104,459 
comparisons between base stations for handoff determlna- assigned to the assignee of the present invention* the dis- 

tion. closure thereof incorporated by reference. 
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An exemplary illustradoii of cellular telephone, which 
may as easily be shown as a FBX or PCS system, in which 
the present invention is embodied is provided in FIG. 1. The 
system illustrated in FIG. 1 utilizes CDMA modulation 
techniques in communication between the system mobile 
stations or mobile telephones, and the base stations. Cellular 
systems in large cities may have hundreds of base stations 
serving hundreds of thousands of mobile telephones. The 
use of CDMA techniques readily facilitates increases in user 
capacity in systems of this size as compared to conventional 
FM modulation cellular systems. 

In FIG. 1, system controller and switch 10, also referred 
to as mobile telephone switching office (MTSO), typically 
includes interface and processing circuitry for providing 
system control to the base stations. Contrdler 10 also 
controls the routing of telephone calls from the public 
switched telephone network (PSTN) to the appropriate base 
station for tiansmission to the appropriate mobile station. 
Controller 10 also controls the routing of calls from the 
mobile stations, via at least one base station to the PSTN. 
Controller 10 may direct calls between mobile users via the 
appropriate base station(5) since such mobile stations do not 
typic^y communicate direcdy with one another. 

Controller 10 may be coupled to the base stations by 
various means such as dedicated telephone lines, optical 
fiber links or by microwave communication links. In FIG. 1, 
three such exemplary base stations, 12, 14 and 16 along witii 
an exemplary mobile station 18, which includes a cellular 
telephone, are illustrated. Arrows 20a-20fr define the pos- 
sible coimnunication link between base station 12 and 
mobile station 18. Arrows 22fl-22Z> define the possible 
communication linV between base station 14 and mobile 
station 18. Similarly, arrows TAa-TAh define the possible 
communication link between base station 16 and mobile 
station 18. 

The base station service areas or ceUs are designed in 
geogr^hic shapes such that the mobile station will nonnally 
be closest to one base station. When the mobile station is 
idle, i.e., no calls in progress, the mobile station constantly 
monitors the pilot signal transmissions from each nearby 
base station. As illustrated in FIG. 1 the pilot signals are 
respectively transmitted to mobile station 18 by base stations 
12, 14 and 16 respectively upon communication links 20^, 
226 and 2Ah, The mobile station then determines which cell 
it is in by compacing pilot signal strengtti transmitted from 
these particular base stations. 

In the example illustrated in FIG. 1, mobile station 18 may 
be considered closest to base station 16. When mobile 
station 18 initiates a call, a control message is transmitted to 
the nearest base station, base station 16. Base station 16 
upon receiving the call request message, signals system 
controller 10 and transfers the call number. System control- 
ler 10 then connects the call through the PSTN to the 
intended recipient. 

Should a call be initiated within the PSTN, controller 10 
transmits the call information to all the base stations in the 
area. The base stations in return transmit a paging message 
to the intendedredpient of mobile station. When the mobile 
station hears a page message, it responds with a control 
message that is transmitted to the nearest base station. This 
control message signals the system controller that this 
particular base station is in communication with the mobile 
station. Controller 10 then routes the call through this base 
station to the mobile station. 

Should mobile station 18 move out of the coverage area 
of the initial base station, base station 16, an attempt is made 
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to continue the call by routing the call through another base 
station. In the handoff process there are two different meth- 
ods of initiating the handoff of the call or routing through 
another base station. 

5 The first method, called the base station initiated handoff, 
is similar to the handoff method en:q)loyed in the original 
first generation analog cellular telephone systems currently 
in use. In the base station initiated handoff ihethod, the initial 
base station, base station 16, notices that the signal trans- 
mitted by mobile station 18 has fallen below a certain 
threshold level. Base station 16 then transmits a handoff 
request to system controller 10. Controller 10 rdays the 
request to all neighboring base stations, 14, 12 of base 
station 16. The controUer transmitted request includes inf(7- 
mation relating to the diannd, including the PN code 
sequence used by mobile station 18. Base stations 12 and 14 
tunc a receiver to the channel being used by the mobile 
station and measure the signal strength, typically using 
digital techniques. If one of base stations 12 and 14 receivers 
report a stronger signal than the initial base station reported 

20 signal strength, then a handoff is made to this base station. . 
The second method of initiating a handoff is called the 
mobile initiated handoff. The mobile station is equipped 
with a search receiver which is used to scan the pilot signal 
transmission of neighboring base stations 12 and 14, in 

25 addition to performing other functions. If a pilot signal of 
base stations 12 and 14 is found to be stronger than a 
predetermined threshold, mobile station 18 transmits a mes- 
sage to the current base station, base station 16. An inter- 
active process between the mobile station and the base 

3Q station then permits the mobile station to coimnunicatc 
through the one or more of base stations 12, 14 and 16. 

The mobile initiated handoff method has various advan- 
tages over the base station initiated handoff method. The 
mobile station becomes aware of changes in paths between 
itself and the various neighboring base stations much sooner 
than the base stations are enable of doing. However, to 
perform a mobile initiated handoff, each mobile station must 
be provided with a searching receiver to perform the scan 
f unc^on. However, in the exemplary embodiment described 
herein of a mobile station CDMA communications 

^0 capability, the search receiver has additional functions 
which require its presence. 

The mobile initiated handoff relies on the mobile station 
to detect the presence or absence of pilot signals, and the 
signal strength of the pilot signals. The mobile station 

4S identifies and measures the signal strength of the pilot 
signals which it receives. This information is communicated 
via the base statioa(s) to which the mobile station is com- 
municating through to the MTSO. The MTSO upon receiv- 
ing this information initiates or tears down the soft handoffs. 

so To streamline the process of searching for pilots, four 
distinct sets of pilot offsets are defined: the Active Set, the 
Candidate Set, the Neighbor Set, and the Remaining Set 
The Active Set identifies the base station(s) or sector(s) 
through which the mobile station is communicating. The 

55 Candidate Set identifies the base station(s) or sector(s) for 
which the pilots have been received at the mobile station 
with sufficient signal strength to make fiiem members of die 
Active Set, but have not been placed in the Active Set by the 
base stfltion(s). The Neighbor Set identifies the base station 

60 (s) or sectoi(s) whidi are likely candidates for the establish- 
ment of conununication with the mobile station. The 
Remaining Set identifies the base station(s) or sector(s) 
having all other possible pilot offsets in the current system, 
excluding those pOot offsets currently in the Active, the 

65 Candidate and Neighbor sets. Further details on the use of 
these sets in the hai^off sdieme are discussed later in further 
detail. 
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At the mobile station acquisitioii of the strongest pilot ing the call through the old base station modem. The old 

signala.e. initial synchronization of the mobile station with base station modem then enters a pool of idle modems 

the strongest pilot signal, the mobile station obtains further available for reassignment 

overhead JnfoimatioD on the sync channel of same base As an additional inqirovement, the handofif process can 

station. The mobile station then monitors the paging channel 5 introduce a second mode of operation. This second mode is 

for control messages and caU pages. The caU page is referred to herein as tiie base station diversity mode. TTie 

typicaUy used to notify the mobfle station that a caE is subject matter on the base stanon diversity mode is further 

^ f * cte*i/.n disclosed m a copendmg U.S. patent apphcation entitled 

waitmg for transfer to the mobile station. "DIVERSrTY RECE™ IN A CDMA CELLULAR 

The mobile station continues to scan the received pflot TELEPHONE SYSTEM", Ser. No. 07/432,552, filed Nov. 

cairier signal code at the FN sequence offsets corresponding lO ^^gg^ assigned to the assignee of the present invention, 

to neighboring base station transmitted pilot signals. This ^j^^ disclosure thereof incorporated by reference, 

scanning is done in order to determine if the pilot signal diversity mode the call is allowed to 

transmitted from neighboring ceUs is becoming stronger ^ ^ in-between state as described above with 

thanthepilotsignalfirstdeterminedtobestrongestlf.while ref»encc to the caU being processed by two or more base 

in this call inactive mode, a Neighbor base station pilot 15 ^^^^^ ^^^^ 

signal becomes sufficiently stronger tiian that of the imtial station. In the exemplary embodiment described h^inwitii 

base station transmitted pilot signal, the mobile stirtion wiU jeference to the mobile telephone of the present invention, 

acquire the stronger pilot sfenal and concspondmg sync ^lultiplc demodulator processors or receivers arc utilized, 

channel of the new base station. ^ receivers is used for the scanning function, while 

When a call is initiated, a pseudorandom noise (FN) code qj- more other receivers arc used as a channel 

address is determined for use during the course of this calL diversity receiver. During operation in a single cell, the 

Generally this code address is used to mask the PN long scanning receiver attempts to find the base station transmit- 

sequence code in a the code unique the code unique to the signal travelling upon muMple paths to the mobile 

communication between the base station and the mobile ^ station. These multi-path signals are typically caused by 

station. The code address may be either assigned by the base reflections of the signals from tarain buildings, and other 

station or preferably be determined by prcairangcmcnt based signals obstructiohs. When two or more such reflections are 

upon the identity of the mobile station. found, flie two receivers arc assigned to the two strongest 

After a call is initiated the mobile station continues to scan paths. The scanning receiver continues to evaluate the 

tfie pilot signals transmitted by base stations located in ^ multiple paths to keep the receivers synchronized with 

neighboring ceils. Pilot signal scanning continues in order to signals on the strongest paths as path conditions change, 

determine if one or more of the neighboring base station xq base station diversity mode, the strongest paths 

transmitted pilot signals rises above a predetermined from each base station is detennined by the search receiver, 

threshold, a level which is indicative &at communications The other receivers are assigned to demodulate the signals 

may be supported between die base station and die mobile ^ on the strongest padis of the paths available from the odginai 

station. When the pilot signal transmitted by a base station |)ase station and from die new base station. Hie data 

located in a neighboring cell rises above die threshold, it demodulation process uses information from both of these 

serves as an indication to the mobile station that a handoff receivers in a diversity combining operation. The result of 

should be initiated. In response to this pilot signal strength this diversity combining operation' is a greatly improved 

determination, the mobile station generates and transmits a ^ resistance to deleterious fading tiiat may occur in the mul- 

control message to the base station presently servicing the tq)ath cellular telephone environment, 

call. This control message is relayed on to the system Although different types of diversity combining tedi- 

controller. niques arc known in tiic art, the present invention uses 

The system controller now begins the handoff process. It diversity combining to significanUy advance the quality and 

should be understood that, during handoff. die PN code 45 reliability of communications in a rnobile cellular telephone 

address of the particular mobile station which is to undergo system In the present invention a form of maximal ratio 

die handoff process need not change. The system controller combining is utilize! The signal-to-noisc ratio is detcr- 

begins die handoff by assigning a modem located in the new mined for both paths being combined with die contributions 

base station to die call. This modem is given the PN address from the two paths weigbted accordingly. Combining is 

associated with the call in communications between the 50 coherent since pilot signal dem o dulation allows the phase of 

mobile station and die current base station modem. The new each padi to be determined. . 

base station modem assigned to SOTice the caU searches for la the direction from the mobile station to the multiple 

and finds the mobile station transmitted signal The base base stations, path diversity reception is also obtained by 

station modem also begins transmitting outbound signals to having all base stations demodulate the mobile station 

the mobile station. In response to a message from the base 55 transmitted signals. Each base station coherently combines 

station through which the mobile station is cuirentiy the demodulated data signals and provides the data signal to 

communicating, the mobile station searches for the out- the system controller. Each base station may also generate a 

bound signals in accordance with die pilot signal informa- quality indicator that is indicative of die quality of the data 

tion of the new base station. signal of that bases station. Communicated along with the 

When the new base station modem transmitted signal is 60 data signal from each base station may be the signal quality 

acquired^ die mobile station switches over to listening to diis indicator. The system controller dien may either combines 

signaL The mobile station may dien transmit a control the base station versions of the mobile station signal or 
message indicating diat handoff is complete. The control selects the signal widi die best quality indication for pro- 
message is provided by cldier or both of the old and new viding on to die user. It should be understood tiiat it is 
base station modems to the system controller. In response to 65 possible to transmit die undecoded or even die undemodu- 
this control message the system controller switches the call lated signals to the system controller in order to allow a 
over to die new base station modem alone while discontinu- better diversity combining process to be utilized. 
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The handofF process in the cell diversity mode is ioitiated ment is approximately 1.25 MHz in bandwidth. Hie char- 
as previously discussed. The mobile stotion determines that acteristics of the SAW filter are chosen to match the wave- 
a neighbciing base station transmitted signal is of a signal form of the signal transmitted by the base station which has 
strength great enough to allow good quality demodulation of been direct sequence spread spectrum modulated by a PN 
the signal The mobile station transmits the measurement s sequence docked at a predetermined rate, which in the 
message to the cuirent base station. The base station then pr^erred embodiment is 1.2288 MHz. 
relays this information on to the system controller. Receiver 34 also performs a power control function for 

The system controller responds by connecting the call to adjusting the transmit power of the mobile station. Receiver 

a modem in the new base station. The system controller then 34 generates an analog power control signal that is provided 
performs cither a diversity combining of the signals as ^ to transmit power control circuitry 38. The control and 

received by the two base stations or a selection process as operation of the mobile station power control feature is 

discussed above. The mobile station performs diverslQr disclosed in U.S. Pat No. 5,056409 entitled '^METHOD 

combining of the signals received from the two base sta- AND APPARATUS FOR CONTROLLING TRANSMB- 

tions. The cell diversity mode generally continues for as SION POW ER IN A CDMA CELLULAR MOBILE TELE- 

long as signals received from both base stations are of a levd PHONE SYSTEM", assigned to the assignee of the present 

sufficient to permit good quality demodulation, or otherwise invention, to whidi the disdosuie is also incorporated by 

terminated by the system controller. reference. 

In either of the above situations the mobile station con- Receiver 34 is also provided with an analog to digital 

tinucs to search for signals transmitted from other base (AID) converter (not shown) for converting the IF signal to 
stations. If a third base station transmitted signal becomes ^ a digital signal. The digitized signal is provided to each of 

strongerthanoncof the original two base station signals, the three or more signal processors or data receivers » one of 

message is then transmitted by the mobile station via at least which is a searcher receiver with the remainder being data 

one current base station to the system controller. The system receivers. For purposes of illustration only one searcher 

controller may then discontinue the call being communi- receiver and two data receives are shown in FIG. 2. 
cated via the weakest base station signal of the three while ^ in FIG. 2, the digitized signal ou^ut from receiver 34 is 

providing the call through the two strongest base stations. provided to digital data receivers 40 and 42 and to searcher 

Should the mobile stations be equipped with additional receiver 44. It should be understood that an inexpensive, low 

receivers, such as three receivers, a triple base station or performance mobUe station might have only a single data 

sector diversity mode may be implemented. receiver while higher performance stations may have two or 

It should also be understood that regardless of the number more, preferably a minimum of three, to allow diversity 

of receivers the mobile station has, reverse link diversity reception. 

may be employed. In this case additional base stations may The digitized IF signal may contain the signals of many 

receive signals from the mobile station for transfer to the on-going calls together with the pilot carriers transmitted by 

system controller. The additional base stations may or may the current and all neighboring base stations. The function of 

not transmit signals to the mobile station which are trans- the receivers 40 and 42 is to coirelate the IF samples with the 

mitted are not processed. proper PN sequence. This correlation process provides a 

The base station diversity mode is tcnmnated when it is property that is well-known in the art as '^processing gain" 

determined that only one base station is providing adequate which enhances the signal-to-interference ratio of a signal 
signals for quali^ demodulation. The mobile station, as ^ matching the proper PN sequence while not enhancing other 

before, sends a message indicative of the measured pilot signals. The ccHxelation ou^ut is then coherently detected 

signal strengths. From this information a decision is made as using the pilot carrier offset PN sequence used for the 

to the base station which is to remain in communicatioD with coirelation as a carrier phase reference. The result of this 

the mobile station upon tenniiiation of the base station detection process is a sequence of encoded data symbols, 

diversity mode. The base station diversity mode may also be a property of the PN sequence as used in tiie present 

terminated by the system controller if the system were to invention is that discrimination is provided against muM- 

become overloaded with an insufficient number of modems path signals. When the signal arrives at the mobile receiver 

available to support all mobile station requests for fids mode after passing through more than one path, there will be a 

of operation. difference in the reception time of the signal. This reception 

FIG. 2 illustrates in block diagram form an exemplary 50 time diffo-ence corresponds to the difference in distance 

mobile station cellular telephone. The mobOe station dividedby the speed of light If this time difference exceeds 

includes an antenna 30 which is coupled through diplexer 32 one PN chip, 0.8 138 \isec. in the preferred embodiment, then 

to analog receiver 34 and transmit power amplifier 36. the correlation process will discriminate against one of the 

Antenna 30 and diplexer 32 are of standard design and paths. The receiver can choose whether to track and receive 
permit simultaneous transmission and reception through a 55 the earlier or later path. If two receivers are provided, such 

single antemia. Antenna 30 collects transmitted signals and as receivers 40 and 42, then two independent paths can be 

provides them through diplexer 32 to analog receiver 34. tracked simultaneously. 

Receiver 34 receives the RF frequency signals from diplexer Searcher receiver 44, under control of control processor 

32 which are typically in the 850 MHz frequency band for 46 is for continuously scanning the time domain, around the 
amplification and frequency downconversion to an IF fre- go nominal time of a received pilot signal of the base station, 

quency. This frequency translation process is accomplished for other multi-path pilot signals from tiie same base station 

using a frequency synthesizer of standard design which and for other base station transmitted pilot signals. Receiver 

permits the receiver to be tuned to any of the frequencies 44 will measure the strength of any recq)tion of a desired 

within the receive frequency band of fiie overall cellular waveform at times other than the nominal time. Receiver 44 
telephone frequency band. S5 uses the ratio of the received pilot energy per chip to total 

The IF signal is then passed through a surface acoustic received spectral density, noise and signals, denoted as 

wave (SAW) bandpass filta which in the preferred embodi- ^ & measure of the pilot signal strength. Receiver 44 
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Provides a signal strength measurement signal to control that is provided to circuitry 38. Further infonnation on the 

processor 46 indicative of the pilot signal and its signal intarclationship of the recdvcxs 40 and 42» control proccs- 

stxength. sor 46 and transmit power control 38 are also imther 

Ptocessor 46 provides signals to digital data receivers 40 described in the above-mentioned copending patent appli- 

and 42 for each to process a different one of the strongest 5 cation. 

signab. Receivers 40 and 42 may process a multipa^ signal Ihmsmit power control circuitry 38 ou^uts the power 

from a single base station or signals from two different base controlled modulated signal to transmit power amplifier 

stations. circuitiy 36. Qrcuitiy 36 ampMes and converts the IF 

The outputs of receivers 40 and 42 arc provided to signal to an RF frequency by mixing with a frequency 

diversity combiner and decoder circuitry 48. The diversity synthesizer ouqHit signal which tunes the signal to the 

combiner circuitry contained within circuitry 48 adjusts the proper ou^ut frequency. Circuitry 36 includes an amplifier 

timing of the two streams ofreceived signals into aUgnment which amplifies the power to a final output level. The 

and adds them together. This addition process may be intended transmission signal is output from circuitry 36 to 

proceeded by multiplying the two streams by a number diplexer 32. Dqplexer 32 couples the signal to antenna 30 for 

corresponding to the relative signal strengths of the two transmission to the base stations, 

streams. This qperation can be considered a maximal ratio Control processor 46 is also capable of generating control 

diversity combiner. The resulting combined signal stream is messages such as cell-divetsity mode requests and base 

then decoded using a forward stream eoror detection decoder station communication termination commands. These comr 

also contained within circuitry 48. mands arc provided to transmit modulator 52 for transmis- 

In the exwnplary embodiment convolutional encoding is ^ sion. Control processor 46 is responsive to the data received 

utilized. The optimum decoder for this type of code is of die from data receivers 40, 42 and search reccivea- 44 for making 

soft decision Vitcrbi algorithm decoder design. The resulting decisions relative to handoff and diversity combining, 

decoded information bits are passed to the user digital HG. 3 illustrates in block diagram form an exen[q>lary 

baseband circuitiy 50. embodiment of the base station equipment At the base 

Baseband circuitry 50 typically includes a digital vocoder station, two receiver systems are utilized with each having 

(not shown). Baseband circuitry 50 further serves as an a separate antenna and analog receiver for ^ace diversity 

interface with a handset or any other type of peripheral reception. In each of the receiver systems the signals are 

device. Baseband circuitiy 50 accommodates a variety of processed identically until the signals undergo a diversity 

different vocoder designs. Baseband circuitry 50 provides combination process. The elements within the dashed lines 

ou^ut information signals to the user in accordance with the correspond to elements corresponding to the communica- 

infonnation provided thereto from circuitry 48. It should be tions between the base station and one mobile station. The 

understood that various otha types of service, other than ou^ut of the analog receivers are also provided to other 

voice, may also be offered to which the disclosure herein is elements used in communications with otiier mobile sta- 

cqually applicable. 35 tions. 

User analog voice signals typically provided through a In HG. 3, the first receiver system is comprised of antenna 

handset are provided as an input to baseband circuitry 50. 60, analog receiver 62, searcher receiver 64 and digital data 

Baseband circuitry 50 includes an analog to digital (A/D) receiver 66. This receiver system may also include an 

converter (not shown) which converts the analog signal to optional digital data receiver 68. Althou^ only one optional 

digital form. The digital signal is provided to the digital ^ digital data receiver 68 is illustrated it should be understood 

vocoder where it is encoded. The vocoder ouQ)ut is provided that several additional ones may be used The second 

to a forward error correction encoding circuit (not shown) receiver system includes antenna 70, analog receiver 72, 

for error correction. This voice digitized encoded signal is searcher receiver 74 and digital data rcceiva 76. Again 

output from baseband circuitry 50 to transmit modulator 52. additional optional digital data receivers (not shown) may be 

lYansmit modulator 52 modulates the encoded signal on 45 utilized for this receiver system Also utilized in signal 

a PN carrier signal whose FN sequence is chosen according processing and control for handoff and diversity is base 

to tiie assigned address function for tiie call. The PN station control processor 78. Both receiver systems are 

sequence is drtennined by control processor 46 from call coupled to diversity combiner and decoder circuitry 80. 

setup information that is transmitted by the base station and Distal link 82 is utilized to communicate signals to and 

decoded receivers 40 and 42. In the alternative, control so ^om tiie KTTSO (FIG. 4) with base station transmit modu- 

processor 46 may determine die PN sequence tiirough later 84 and circuitry 80 under the control of control 

. prearrangement with the tsase station. Control processor 46 processor 78, 

I^ovidcs the PN sequence information to transmit modulator Signals received on antenna 60 are provided to analog 

52 and to receivers 40 and 42 for call decoding. Transmit receiver 62. Received signals amplified by an airqplifier in 

modulator 52 also modulates the data with a common ss receiver 62 are translated to an IF frequency by mixing with 

unshifted version of the PN code that is used by tiie base a frequency synthesizer output signal Hie IF signals are 

station. bandpass fUtered and digitized in a process identical to that 

The output of transmit modulator 52 is provided to described with reference to the mobDe station analog 

transmit power control circuitry 38. Signal transmission receiver. The digitized IF signals are provided to digital data 

power is controlled by the analog powex control signal 60 receiver 66, optional data receiver 68 and searcher receiver 

provided from receiver 34. Furthermore, control bits are 64 and are i^ocessed respectively in a manner siimlar to that 

tcansmitted by the base stations in the form power adjust- as disclosed with reference to the digital data receivers and 

ment command and are processed by data receivers 40 and seardier receiver of the mobile station in FIG. 2. However, 

42. The power adjustment command is used by the control the processing by the digital data receivers and searcher 

processor in setting the power level in mobile station trans- 65 receivers are different for the mobile to base station link 

mission. In response to the power adjustment commands, from that used in the base station to mobile link in several 

control processor 46 generates a digital power control signal respects. 
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In the inbound, or mobile station to base station l^^Y^ the control processor 78. IVansmit modulator 84 spread spec- 
mobile station does not transmit a pilot signal that can be trum modulates^ according to a predetennined spreading 
used fOT coherent reference purposes in signal processing at function (FN code) as assigned by control processes 78, the 
the base station. Thus, the mobile station to base station link data for transmission to the intended recipient mobile sta- 
utilizes a non-coherent modulation and demodulation s tion. The output of transmit modulator 84 is provided to 
scheme using 64-ary orthogonal signaling. transmit power control circuitry 86 where under the control 

Scarchcricceiver Wis again used to scan the time domain control processor 78 the transmission power may be 

about the receiver signal to ensure that the associated digital controlled. The ou^ut of circuitry 86 is provided to transmit 

data receiver 66, and data recdvcr 68 if used, arc tracking power amplifier circuitry 88. 

and processing the strongest available tfTna domain signals. In the preferred implementation, each of a traffic channel 

This tracking process is identical to that described with (user data communication channel), sync channel, one or 

reference to the mobile station. Searcher receiver 64 pro- more paging channels, and pilot channel are modulated by 

vides a signal to base station control processor 78 which a different Walsh function sequence. Although only the 

provides control signals to digital data receivers 66 and 68 traffic channels are modulated with each unique PN code, 

for selecting the appropriate received signals for processing. each traffic channel along with the other channels are 

In the 64-ary orthogonal signaling process, the mobile modulated by a common PN sequence. In the exemplary 

station transmitted symbol has one of 64 different possibiU- implementation the pilot channel Walsh function sequence is 

ties. A 6 bit symbol is encoded into one of 2^ i.e. 64, z^^o" sequence thus resulting the pilot signal being 

different binary sequences. The set of sequences chosen arc common PN sequence itself. All signals as modulated by 

known as Walsh functions. The optimum receive function ^ common PN sequence are provided to transmit power 

for the Walsh function is the Fast Hadamard Transform amplifier circuitry 88. 

(FHT). In searcher receiver 64 and digital data receivers 66 Circuitry 88 includes a summer for summmg the output of 

and 68, the input signal is correlated as discussed with transmit modulator 84 with the ou^ut of other transmit 

reference to the mobile station receivers, with the correlator modulators at the base station. Qrcuitiy 88 furtho* includes 
ou^ut fed to a FHT processor. The FHT processor produces ^ a sumrn^ for summing the pilot signal/sync channel signal/ 

a set of 64 coefficients for every 6 symbols. The 64 symbols paging diannel signal ou^ut from generates: 90 with the 

are then multipilied by a weighting function generated in the summed transmit modulator ou^ut signals. Circuitry 88 also 

receiver. The weighting function is linked to measured includes a digital to analog converter, firequency upconver- 

signal strength. The weighted data is then provided as an sion circuitry and an anqiM^ for respectively converting 

output to diversity combiner and decoder circuitry 80. the digital signals to analog signals, converting the IF 

Thesecondreceivcrsystcm processes thereceivcdsignals frequency signals as output from the transmit modulators to 

in a manner similar to that discussed with respect to the first frequency and amplifying the RF signal. The output 

receiver system of FIG. 3. The weighted 64 symbols output circuitry 88 is provided to antenna 92 where it is 

fromreceivers 66 and 76 are provided to diversity combiner radiated to mobile stations within the base station service 
and decoder circuitry 80. Circuitry 80 includes an adder 

which adds the waghtcd 64 symbols from receiver 66 to the Base station control processor 78 has the responsibility 
weighted 64 syiiibols from receiver 76. The resulting 64 for assignment of digital data receivers and modulators to a 
coefficients are compared with one another in order to particular call. Control processor 78 also monitors the 
determine the largest coefficient The magnimde of the ^ progress of the call, quality of flie signals and initiates 
comparison result, togetfier with the identity or the largest of teardown on loss of signal. The base station communicates 
the 64 coefficients, is used to determine a set of decoder with the MTSO via link 82 where it is coupled by a standard 
weights and symbob for use within a Viterbi algorithm telephone wire, optical fiber, or microwave link, 
decoder implemented in drcuitry 80. FIG. 4 illustrates in block diagram form the equq>ment 
The Viterbi decoder is utilized to determine the most 43 utilized in the MTSO. The NflSO typically includes a 
likely information bit sequence. For each vocoder data system controller or system control processor 100, digital 
block, nominally 20 msec, of data, a signal quality estimate switch 102, diversity combiner 104, digital vocoder 106 and 
is obtained and transmitted as a mobile station power digital switch 108. Althou^ not illustrated, additional diver- 
adjustment command along with data to the mobUe statioa sity combiners and digital vocoders are coupled tsetween 
Further information on the generation of this quality esti- 53 digital switches 102 and 108. 

mate is discussed in further detail in the co-pending appli> When the cell-diversity mode is active, or the MTSO is in 

cation mentioned above. This quality estimate is the average the handoff process with the call processed by two or more 

signal-to-noise ratio over the 20 msec interval base stations, signals will anive at the MTSO from more 

In FIG. 3, optional digital data receiver 68 may be than one base station witii nominally the same information, 
included for improved performance of the system. This 55 However,becauseof fading and interference on the inbound 

additional data receiver alone or in combination with addi- link from the mobile station to the base stations, the signal 

tional receivers can track and receive other possible delay from one base station may be of better quality than the signal 

paths of mobile station transmitted signals. The structure and from the other base station. 

operation in this receiver is similar to that described with Digital switch 102 is used in routing the information 
reference to the digital data receivers 66 and 76. Receiver 68 50 stream corresponding to a given mobile station from one or 

is utilized to obtain additional diversity modes. Optional more base stations to diversity combiner 104 or the coxre- 

additional digital data receivers providing additional diver- spending diversity combiner as determined by a signal from 

sity modes are extremely useful in those base stations which system control processor 100. When the system is not in the 

are located in dense urban areas where many possibilities for ceU-diversity mode, diversity combiner 104 may be either 
multipath signals occur. 55 bypassed or fed the same information on each input port 

Signals from the MTSO are coupled to the appropriate A multiplicity of serial coupled diversity combiners (or 

transmit modulator via digital Hnir 82 under the control of selectors) and vocoders are provided in parallel, nominally, 
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one for each call to be processed Diversity combiner 104 (T__ADDJ; Handoff Drop Threshold (r_J)ROP,), Active/ 

compares the signal quality indicators accompanying the Candidate Comparison Threshold (T_COMP,), Handoff 

information bits from the two or more base station signals, I>rop Timer (T_TDROPJ, Neighbor Set Maximum Age 

Diversity combiner 104 selects the bits corresponding to the (NGHBR_31AX^GE,); Search Window Size for the 

highest quality base station sigoal on a frame-by-frame basis 5 Active Set and candidate Set (SRCH_WIK_j\,); Search 

of die information for output to vocoder 106. Window Size for the Neighbor Set (SRCIL-WIN^,); 

Vocoder 106 converts the fonnat of the digitized voice Search Window Size for the Remaining Set (SRCH_Wm_ 
signal to standard 64 Kbps PCN telephone fcraiat, analog, or K)- These values are demodulated and dec»ded, and then 
any other standard foimaL The resultant signals are trans- stored in the mobile station control processor, 
mitted from vocoder 106 to digital switdi 108. Under the Other messages generated by system control processor 
control of system control processor 100> the call is routed to and communicated via at least one base station to the mobile 
the FSTN. station are the PQot Measurement Request Order, the Hand- 
Voice signals coming from the PSTN intended for the off Direction Message, the In-Traffic System Parameters 
mobile station are provided to digital switch 108 to an Message, and the Neighbor List Update Message. These 
q>propriate digital vocoder such as vocoder 106 under messages are demodulated and decoded, and then provided 
control of system control processor 100. Vocoder 106 to the mobile station control processor. The mobile station 
encodes the input digitized voice signals and provides the acts upon the each of these messages in support of a handoff 
resulting informalion bit stream directly to digital switdi as discussed bdow. 

102. Digital switch 102 under system control i»:occssor In response to the Pilot Measuronent Request Orda the 

control directs the encoded data to the base station or base ^ mobile station rqK3its the current estimate of the pilot 

stations to which the mobile station is communicating. If the strengths of all the pilots in its Active Set and Candidate Set 

mobile station is in a handoff mode communicating to In a preferred implementation the mobile station responds 

multiple base stations or in a cell diversity mode, digital with a Pilot Strength Measurement Report Message within 

switch 102 routes the caUs to the appropriate base stations 200 ms. The mobile station control processor upon receiving 

for transmission by the appropriate base station transmitter ^ the Pilot Measurement Request Order the mobile station 

to the intended recipient mobile station. However, if the reports the estimate of the signal strength of each pilot in the 

mobile station is communicating with only a single base Active Set and the Candidate Set 

station or not in a cell diversity mode, the signal is directed ji^e Handoff Direction Message as commimicated to the 

only to a single base station. ^ mobile station identifies the pQots in the Active Set of the 

System control processes 100 provides control over digi- mobile station, i.e. pilot offsets and corcesponding base 

tal switches 102 and 108 for routing data to and from the station identifications, and the diannd code assigned to the 

MTSO. System control processor 100 also determines the mobile station in each base station. The mofnle station, 

assignment of calls to the base stations and to the vocoders whldi stores the sets in its control processor, modifies its 

at the MTSO. Ftirthennore» system contrd processor 100 Active Set of pilots to be equal to the Ust of pilots received 

communicates with each base station centred processor in the Handoff Direction Message. If die Handoff Direction 

about the assignment of particular calls between die l^SO Message specifies multiple base stations, the mobile station 

and base station, and the assignment of Vif codes for die is to accordingly begin diversity combining die traffic chan- 

calls. It should be further understood that as illustrated in nel signals from those base stations identified in die mes- 

FIG. 4 digital switches 102 and 108 are illustrated as two ^ sage. The mobile station under control of the mobile station 

separate switches, however, this function may be performed control processor discontinues using communications of all 

by a single physical switching station. base station not specified in the Handoff Direction Message. 

It should also be understood the embodiment provided It should be noted diat the Handoff Direction Message is also 

herein with respect to the system architecture is merely and used to end a soft handoff. In this case, the Handoff Direction 

exemplary embodiment of the system and that odier system 45 Message specifies only one pilot for the Active Set 

architecture may be employed. For example, as described The In-Traffic System Parameters Message as communi- 

herein the system controller is located at the MTSO for cated to the mobile station is used by the mobile station to 

control of many of the base station functions and handoff update the above mentioned stored handoff overhead param- 

function. In an equally preferred mode, many of the fiinc- eters of the System Parameters Message. The parameters to 

tions of the system controller may be distributed throu^out 5Q be replaced are as follows where die Handoff Detection 

the base station. In diis example the system controller Threshold (J^JiDV,, replaces T..ADD,); Handoff Drop 

functions remaining at the MTSO would be primarily Threshold (T^DROP^ replaces TJ>ROP,); Active/ 

directed to the classical MTSO fiinction of call switching Candidate Comparison Threshold (T^COMP^ replaces 

control. T_COMP,); Handoff Drop Timer CT-JDROP^ replaces 

Turning now to an exemplaryprocessing of the handoff or 55 T_TDROP,); Neighbor Set Maximum Age (NGHBR^ 

diversity mode operation various messages are provided MAX_AGE^ replaces NGHBR_31AX^_AGB,); Search 

between the base station and the mobile station. Generally Window Size for the Active Set and Candidate Set (SRCH_ 

decisions regarding handoff are made by system control WIN_Ar rq)laces SRCH_WIN_A^; Search Window Size 

processor with die base station acting on diese decisions in for die Neighbor Set (SRCH_WIN_J^, replaces SRCH_ 

addition to relaying diem on to die mobile station. WIN_N,); Seardi Window Size for the Remaining Set 

The system control processor generates various messages (SRCH_WIN_R^ replaces SRCH_WIN_R,). The 

for relay by die base station to the mobile station. One such h-Traffic System Param£ters Message is communicated to 

message is the System Parametexs Message, communicated ^e mobile station on a traffic channel since the mobile 

on a paging channel by die base station, whidi contains station is unable to receive paging channel messages y/bssx 

default values for various handoff parameters. The param- 65 receiving data on die trafiHc channel 

eters included in this message are as follows and whose The Neighbor List Update Messages commimicated to the 

usage is defined later herein: Handoff Detection Threshold mobEe station is used by die mobile station such that for 
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each of the Neighbor records received in the Neighbor list 
Update Message, the mobile station adds that Neighbor to 
the Neighbor Set as stored in the mobile statioD control 
processor. 

The mobile station also sends messages on a traffic ^ 
diannel to the base station(s) to sq)poit of handoff. The 
mobile station as mentioned previously generates and sends 
the Pilot Strength Measurement Report Message as a result 
of receiving a Pilot Measurement Request Order from &e 
base station. However, more importantly is the fact that the to 
mobile station generates and transmits the PQot Strength 
Measurement Report Message autonomously. This indepen- 
dent action on the part of the mobile station as discussed in 
farther detail below, greatly enhances the ability of the 
system to provide handoffs and diversity in communication. 
Hie pilots contained within the Pilot Strength Measurement 
Report Message are preferably all the pilots in the Active Set 
and the Candidate Set 

The Pilot Strength Measurement Report Message con- 
tains a list of pilots and their measured strengths. The first 
pilot in the Hst is the pilot used to dcdve the time reference 
of the mobile station. In a preferred embodiment the earliest 
aniving multipath coinponent that is demodulated is used as 
the time reference for the mobile station. The mobile station 



sufScient strength so that the mobile station would use it to 
demodulate data. It should be noted that a usable multipath 
component may actually not be used for demodulation as it 
is not in the Active set or there are insuf&dent numbers of 
demodulators (receives) available. If tiic mobile station 
performs any filtering on search results, it is preferred that 
the same filter parameters for Active Set and Candidate Set 
members be used. 
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TABLE I 




Actual 




Actual 




Range 




Range 


Pamatter 


(chips) ] 


Parameter 


(chips) 


0 


2 


8 


40 


1 


4 


9 


36 


2 


6 


10 


80 


3 


8 


11 


114 


4 


10 


12 


160 


5 


14 


13 


226 


6 


20 


14 


320 


7 


28 


15 


452 



The search range for all members of the Ndghbor Set is 
also specified by the System Parameters Message and the 



measures the phase of the reported pilot relative to tiie zero ^ In-Traffic System Parameters Message as the variable 
J. '1 ^ • \L • J • J ii. t 4. SRCH_WIN__N. The actual window values the mobile 
offset pilot EN sequence using tunmg derived firom the pilot , \, Vc^r^ Txn^t xx i 

*^ ^ * 6 *- station should use as a function of SRCH_WIN_N, are also 



used as the time reference. With each reported pilot the 
mobile station returns the value PILOT_PN_PHASE 
where this value is defined according to Equation (I). 

PILOT_J>ALJPHASEj464xPILXnLJ>^y-<Jmodulo 2". (1) 

where PILOT_PN_PHASEj is the phase of the pilot of 
base station j; and 



defined in Table I The search window is centered around the 
pilot FN sequence offset of each member of the Neighbor 
30 Set using timing defined by the mobile station time refer- 
ence. 

The seardi range for aU members of the Remaining Set is 
also specified by the System Parameters Message and tiie 
In-Traffic System Parameters Message as the variable 
y and Xj respectivdy denote the one-way delays in PN 35 SRCH_W1N_R. The actual whidow values the mobile 



chips from the respective base stations to the mobile station. 

The concept of time reference and calculation of PN 
phase offsets for pilots from other base stations is illustrated 

in FIG. 5. It should be noted that timing in the mobile station 

is offset from timing in the base stations by t,- chips. The 40 reference 
required pilot FN phase, <|>^ is obtained from FIG. 5 by 
observing that 



station should use as a fiinction of SRCH_WIN_R are also 
defined in T^ble L The seardi window is again centered 
around the pilot PN sequence offset of each member of the 
Remaining Set using timing defined by the mobile station 



with the time reference, and where 

Pp64xFILOT^M and 



(2) 

(?) 
(4) 



45 



50 



While the mobile station is in a traffic channel mode of 
communication with the base station, under the control of 
the mobile station control processor the searcher receiver 
systematically surveys the strengths of all pilots in the four 
(lilot sets, on the cunent CDMA frequency assignment. The 
results of the survey are provided to the mobile station 55 
control processor for further use. 

The search rates for members of the Active Set and the 
Candidate Set are preferably identlcaL The search range for 
all members of the Active Set and the Candidate Set is 
specified by the System Parameters Message and the 60 
In-Traffic System Parameters Message as the variable 
SRCH_WIN_^. The actual window values the mobile 
station preferably should use as a function of SRCH_ 
WIN._^ are defined in Table L For each member of the 
Active Set and the Candidate Set, the search window is 6S 
centered around the earliest aniving usable multipath com- 
ponent A multipath component is termed usable if it is of 



The mobile station under the control of the mobile station 
control processor autonomously generates and sends a Pilot 
Strength Measurement Report Message to a base station 
whenever any of several events occur as a result of the 
survey. 

(1) The strength of a Candidate Set, Neighbor Set, or 
Remaining Set member is found to be above T_ADD (the 
pilot is added to the Candidate Set) and a Pilot Strength 
Measurement Report Message carrying this information has 
DOtbeen generated since the last Handoff Direction Message 
was received. In the case where the measured pilot is not 
currently a member of the Candidate Set, the pilot is so 
added to the Candidate Set 

(2) The strength of a Candidate Set member exceeds the 
strength of an Active Set member by T__COMP dB and a 
Pilot Strength Measurement Report Message carrying this 
infonnalion has not been generated since the last Handoff 
Direction Message was received. 

(3) The strength of an Active Set member has been less 
than T_DROP for a period of T_TDROP seconds. The 
parameter T_TDROP is given as a 4-bit value defining one 
of 16 timCT values. The mobile station control processor 
keeps track of the time which Active Set pilots drop bdow 
the T_J)ROP value. The value that the mobile station uses 
is preferably within the greater of ±100 msec or ten percent 
of the values given in Table n as follows. 
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TABLE n 





Actual 




Actual 










XJIBROP 


(seconds) 


T-TDROP 


(seconds) 


0 


0 


8 


10 


X 


OS 


9 


13 


2 


1 


10 


16 


3 


2 


11 


20 


4 


3 


12 


25 


5 


4 


13 


30 


6 


5 


14 


45 


7 


8 


15 


60 



FIO. 6 illustrates an exan^le of the signaling pertaining 
to the changes in a pilot's strength and the pilot's member- 
^hip in the various sets during a typical handoff process. In 
HG. 6, prior to time to the pilot is in flie Neighbor Set 
witii a rising signal strengdi as measured by the mobile 
station seardier receiver. However the pilot signal strength 
is below the threshold T.^ADD whidi woold qualify the 
pilot to enter the Candidate Set Hie mobile station control 
processor makes a decision to place an non-Active or 
non-Candidate Set raeniber in the C^didate Set when the 
measured pilot exceeds the threshold value T..^ADD, an 
event to which the mobile station control processor gener- 
ates and transmits a Pilot Strength Measurement Rqpoit 
Message. 

At time to the pilot P^ signal strength as measured by the 
searcher receiver exceeds the value T_^ADD. The mobile 
station control processor compares the measured value with 
the T_jU)D value and detennines that the T_ADD value 
has been exceeded. The mobile station control processor 
thus geaerates and transmits a corresponding Pilot Strength 
Measurement Rqjoit Message. 

It should be noted that the searcher may detect several 
multipath versions of pilot P^ which may be different from 
one another by the order of several ctdps. The strongest 
version of tfie multipath versions or an average of the 
strength of all detected multipath versions of the pilot may 
be used for identifying the strength of the pilot. Either the 
searcher or the mobUe station control processor may com- 
pute die average if so desired. 

Hie decision for placing a Candidate Set member into the 
Active Set is made t>y the system controller. For example, 
when the mcasuied Candidate pilot is of a signal strength 
which exceeds the signal strength of one other Active Set 
member pilot by a predetermined value it may join the 
Active Set However there may be limits placed on the 
number of Active Set members. Should the addition of a 
pilot to the Active Set exceed the Active Set limit, the 
weakest Active Set pilot may be removed to anotiier set. 

Once a decision is made by the system controller that a 
pilot should enter the Active Set, a Handoff Direction 
Message is sent to the mobile station^ all base stations that 
have a traf&c diannel assigned to the mobile station, whidi 
includes the pilot P^ in the Active Set In FIG. 6 at time t; 
the Handoff Direction Message is received at the mobile 
station whae the identified pilots, including pilot P^, are 
used to demodulate received signals from the base station 
from which pilot P^ was transmitted and/or from another 
base station. Once a pilot is identified in the Handoff 
Direction Message, one version or multipath versions of the 
information signals if present corresponding to the identified 
pilot from the same base station may be demodulated. The 
signals ultimately demodulated noay therefore be transmitted 
from one or more base station and may tse multipath versions 
thereof. During the soft handoff the mobile station diversity 
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combines at the received signals at the symbol level. 
Therefore, all base stations participating in the soft handoff 
must transmit identical symbols, except for closed loop 
power control sub channel data as discussed later herehi. 

5 In FIG. 6 between the times t^ and t^ the pilot P^ falls in 
signal strengtii to where at time t2 the signal strength drops 
below a predetermined threshold value T_J)ROP. When the 
signal strength of a pilot drops the value T J)ROP for a 
predetermined period of time, the mobile station control 

10 processor again generates and transmits, at time t^, a Pilot 
Strength Measurement Rq>ort Message. 

In response to this Pilot Strength Measurement RepoA 
Message, the system controUer generates a Handoff Direc- 
tion Message that is sent to the mobile station, by all base 

IS stations having a trafSc channel assigned to the mobile 
station, which no longer includes the pilot P^ in the Active 
Set At time the Handoff Direction Message is received at 
the mobile station for removing the pilot P^ from the Active 
Set, for example to the Neighbor Set Once removed from 

20 theActive Set this pilot is no longer used for signal demodu- 
lation. 

FIG. 7 illustrates tiie signaling triggered by a monber of 
the Candidate Set as its strength rises above members of the 
Active Set It should be noted tiiat the mobile station reports 

2S that a Candidate Set member is greater than an Active Set 
member only if the difference between them is at least 
T.COMP dB. In FIG. 7, pilots P^^ Pj and P3 are members 
of the Active Set while pilot Pq is initially a member of 
another set such as the Neigihbor Set 

30 Generally the numb^ of Active Set members correspond 
to the number of data receivers available, however the 
Active Set may be of a greater number of pilots. The mobile 
station is therefore permitted to select from the Active Set 
member pilots those of greatest signal strengtii for demodu- 

35 lation of the corresponding data signals. It should be under- 
stood that one or noore pilots of the Active sets may have 
multipath propagations of the same base station or sectcK^ 
transmitted pilot as received at the mobile station. In the case 
of multipath propagations, the nK)bile station again selects 

40 signals for demodulation corresponding to those mult^ath 
versions of the pilots identified in the Active Set pilots of 
greatest signal strength. Therefore the actual base station 
signals demodulated by the mobile station may be from 
different base stations or from a same base station. 

45 At time tiie pilot Pq as measured by the searcher 
receiver and compared witii the value T_^ADD by the 
mobile station control processor is detnmined to be greater 
than the value T.^ADD. As discussed above, tiiis event 
results in tiie mobile station control processor generating a 

50 Pilot Strengtti Measurement Report Message which is trans- 
mitted by die mobile station to a base station for relay to the 
system control processor. The mobile station also adds tiie 
pilot Po to the C!andidate Set 
As time continues on flie pilot Pq grows stronger. At time 

55 tj the pilot Pq has grown stronger than pilot P^ by a value 
greater than the value T_COMP. Due to this fact the mobile 
station control processor generates another Pilot Strengtii 
Measurement Report Message which is transmitted by the 
mobile station to a base station for relay to the system 

60 control processor. It should be noted that only pilots that arc 
already members of the Candidate Set are compared to 
Active Set members using the T_COMP criteria. Since the 
pilot Pq has exceed the pilot Pi by die value T_COMP, the 
system controller may begin setting up a modem at another 

65 base station or sector for commumcating with the mobile 
station. However if the pilot is not of anotiier base station or 
sector no setup is necessary. In either case the system 
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controller would then commuoicatc a Handoff Direction 
Message to the mobile station including the pilot if not 
already an Active Set member. 

Sin^ar is the procedure as pilot Pq grows stronger. At 
time tj the pilot Pq has grown stronger than the next 
strongest pilot Pj by a value greater than the value 
T_COMP. Like before, the mobile station control processor 
generates another Pilot Strength Measurement Report Mes- 
sage which is transmitted by the mobile station to a base 
station for relay to the system control processor. Since the 
pilot Pq has exceed the pUot Pj by the value T_COMP, the 
system controller may add the pilot to the Active Set as 
discussed above if not yet already done. Similar is the 
procedure at time where pilot Pq has grown stronger than 
the strongest pilot P3 by a value greater than the value 
T_COMP. 

Each reported pilot strength shall be as a value LEVEL 
according to Equation (3) as follows: 



LEVEIJ=[^2xl0xlogn>£'*/^ol» 



(5) 



10 



15 



20 



where [x ] is the largest integer less than or equal to x; and 
EJJc is the ratio of received pilot energy per ch^ to received 
overall spectral density. 
The value returned in the Pilot Strength Measurement 



incremented upon receipt of a Neighbor List Update Mes- 
sage as described bdow. 

When the mobile station is first assigned a forward traffic 
channel, the Neighbor Set is comprised of the pilots speci- 
fied in the most recently received Neighbor List Message. 
The AGE of each pilot shall be initialized to the value 
NGHBIL-MAXLJVGE. 

Pilots are added to the Neighbor Set whenever (1) a 
Neighbor List Update Message is reoelved, each pilot named 
in the Neighbor List Update Message is added to the 
Neighbor Set, if it is not already a member of the Candidate 
Set or Active Set, with the AGE of each of these pilots set 
to NGHBR31AX_AGE; (2) when the pilot survey detects 
a pilot in the Candidate Set whose strength has been below 
T J)ROP for a period of T_TDROP seconds, that pilot is 
added to the Neighbor Set with its AGE set to zero; (3) when 
an Active Set member is removed from the Active Set by a 
Handofif Direction Message, it is added to the Neighbor Set, 
if its energy has been below T_J)ROP for a period of 
T_TDROP seconds, with its AGE set to zero; or (4) when 
a Candidate Set member has been moved to the Neighbor 
Set due to Candidate Set overflow, AGE =0. 

Apilot is deleted from the Ncighbar Set wheneva ( 1) the 
strength of the pilot is determined to be above T_ADD with 



.... f ut < ..^.t^^A the pilot being moved to tiie Candidate Set; (2) a Handoff 
Report Message IS tfierefore preferably a 6-bit, uns^gned^ 25 ^ir^^^^ Message is received placing the pUo in the Active 
fixed-point number. Out-of-range values preferably hmited iTTT^v Jrf^^^^^ It .^a 



Upoint number. Out-of-range values preferably 
to the bounding values of 0 and 63 (*llllir). 

The mobUe station control processor is responsible for 
maintenance of the sets. With respect to the Active Set, it is 
preferable that the mobile station be capable of supporting 
an Active Set size of at least six pilots. A pilot is added to 
the Active Set if it appears in a Handoff Direction Message 
received firom the base station. A pilot is deleted from fte 
Active Set if it is a member of the Active Set and a Handoff 
Direction Message is received from the base station in which 
it does not appear. 

It is also prefnred tiiat the mobile station be capable of 
supporting a Candidate Set size of at least six pilots. A pilot 
is added to tiie Candidate Set whenever (1) tiie strength of 
a Neighbor Set member is determined to be above T_ADD; 
(2) the strength of a Remaining Set member is determined to 
be above T_ADD; or (3) a Handoff Direction Message is 
received removing an Active Set member and that pilot's 
strength has not been less than T_DROP for a period of 
T_TDROP seconds. 

Pilots are deleted from the Candidate Set whenever (1) a 
Handoff Direction Message is received adding a Candidate 
Set member to the Active Set; (2) the strength of a Candidate 
Set member is determined to be less than T_DROP for a 
period of T__TDROP seconds, in which case the pilot is 
moved to the Neighbor Set; or (3) an attempt to move apilot 
into the Candidate Set is made when there are already six 
pilots (or more if desired) in the Candidate Set. In case of a 
Candidate Set overflow, Le. case (3), the mobile station shall 
move to tiie Neighbor Set the member whose timer is closest 
to expiration, or if all members are greater than T_J)ROF, 
a member that has minimum strength. 

It is also preferred that the mobile station be capable of 
supporting a Neighbor Set size of at least 20 pilots. The 
mobile station preferably maintains an aging mechanism for 60 
members of the Neighbor Set The purpose of the aging 
mechanism is to allow the mobile station to maintain in its 
Neighbor Set tiiose pilots that have been strong rcccntiy and 
thus are likely candidates for handoff. With each pilot in the 
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Set; (3) the AGE of the pilot is incremented above 
NGHBRJvIAXLj\GE with tiie pilot being moved to the 
Remaining Set; or (4) an attempt to move a pilot into the 
Neighbor Set is made when there arc already 20 pilots (or 
more if desired)in the Neighbor Set In case (4) the mobile 
station moves to the Remaining Set the pilot whose AGE is 
maximum. If more than one such pilot exists, the mobile 
station moves to the Remaining Set a pilot whose signal 
strength is minimum. 

Table IH as set forth below summarizes the events moving 
pilots between the different sets. 

TABLE m 





Destinatbn 




Origin Set 


Set 


Event 


Active 


Candidate 


Handoff Direction Message not 






ii^luding the pibt and (he TJIDROF 






timer has not expired 


Active 


Neighbor 


Handoff Dhection Message not 






iuclu^ the pibt and (he TJIDROF. 






timer has expired 


Active 


Remaining 


Not used 


Candidaie 


Active 


Handoff Direction Message including 






the pilot 


Candidate 


Neighbor 


T—IDROP thner has expired 


rflnHiHatit 




Not used 


Neighbor 


Active 


Handoff Direction Message inehiding 






the pilot 


Neighbor 


Candidate 


Pilot strength is greater than T-ADD 


Neighbor 


Remaining 


AGE is greater than 






NGHBR3fAX.jU3E 


Remaining 


Actire 


Handoff Direction Message inehiding 






the pilot 


Remaining 


Candidate 


Pibt strength is greater than X_ADD 


Remaining 


Neighbor 


Neighbor List Update Message 






tneiwiiti^ Ihe pibt 



It should be noted that in Table HI for the transition from 
Active to Remaining Set and tiie transition from Candidate 
to remaining Set are listed as not used However it should be 
understood that a pilot may be moved from the Active Set to 
Neighbor Set, the mobUe station shall associate an age 65 the Remaining Set if the base station sets the NGHBR. 

" MAX^GE to zero and the Neighbor Set already contains 

the maximum number of pilots, 20 pilots for this example. 



variable, herein denoted by AGE. The AGE of a pilot shall 
be initialized upon insertion in the Neighbor Set and shall be 
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Similarly, a pilot may be moved from the Candidate Set to tions A and B, block 218. One or both of base statLons A and 

the Remaining Set if the base station sets the NGHBR_ B should receive the PQot Straigth Measurement Rq)oit 

MAX^GB to zero and the Neighbor Set aheady contains Message and transfer it on to the MTSO, block 220. 

the maximum number of pilots, 20 pilots again for tiiis The MTSO in response to the Paot Strength Measurement 

example 5 Message makes a decision that the pilot of base 

With respect to the mobUe station a soft haodoff begins, station A is to be removed from the mobile station Active list 

or a ceU diversity mode is entered, when the base station f as to terminate comnunications through ba^ steUon A 

sends a Handoff Direction Message which inctodes mote '^"'^^^y; **^? f^T.^ 

*u «:i ♦ A *K- ^t.^/Nc» Message that is commumcated to both of base stations A and 

AanonepdotAsihscus^^^^ B. TlS Handoff Direction Message identifies only the pilot 

handoff IS to prc^dediyi^^ lO ^f base station B and is Iransmit^d by both of baie stations 

between the mobile station and the b^e staUons on the ^ and B to the mobile statioa, block 222. 

boundaries between base stations. In addition, soft handoff ^^y^^^ ^^^^^ receives this Handoff Direction 

provides uninterrupted transmission between the mohae Message, block 224. The mobile station in response removes 

station and the base station in transitions between base the base station A pilot from the Active Set and discontinues 

station coverage areas. Using the techoiques discussed 15 using signals transmitted from base station A. The mobile 

above, an example of call processing during a soft handoff station discontinues diversity combining of the signals from 

from one base station to another is shown in FIG. S. base stations A and B and demodulates only the signals 

In HG. 8, the blocks illustrated on the left hand side of the received from base station B, block 226. 
dashed line relate to the actions of a mobile station while the Contennporaneous with flie coimnunication of the Hand- 
blocks on the right hand side of the dashed line indicate the 20 off Direction Message to the mobile station, the MTSO also 
actions of base stations A and B. At the time a handoff is to begins tearing down the call commimicated ^ough base 
begin the mobile station is communicatiDg with another user station A. The MTSO sends messages to base station A, 
via base station A and the MTSO, block 200. which in response thereto discontinues communications 

As the mobile station approaches (he boundary of the cell with the mobile station, block 228. Handoff is now complete 

serviced by base station A its searcher receiver detects an 25 in that the mobile station which origmaliy communicated 

inaease in the pilot signal streng;th of the pilot of neig}ibor- with the other user tiirough base station A alone, then 

ing base station B, block 202. When the pilot is determined through both base stations A and B, now only commumcates 

to increase above the threshold value T _JiDD tiie mobile witii the other user throug}i base station B, block 230. 

station generates and transmits a pilot strength measurement A mobile station already in soft handoff and already 

message, block 204. Base station A which is cunentiy ia 30 receiving more than one base station signal, may be directed 

communication with the mobile station receives die Pilot to perfonn a second soft handoff before the first is complete. 

Strength Measurement Report Message and relays it on to That is, one of tiie base stations participating in tiie soft 

the MTSO. At tiie MTSO the system controller determines handoff may be replaced with another. The mobile station, in 

that the pilot of base station B should be entered into the this case, rq)laccs the pilot associated witii the specified base 

Active Set of die mobile station. The MTSO communicates 35 station in its Active Set and continues in soft handoff with 

with base station B relevant setup information relative to the the new base station(s). An exaniple of call processing 

mobile station to establish communications with the mobile during sequential soft handoff is shown in FIG. 9. A sequen- 

station. Base station Bin response to this information begms tial soft handoff may occur as shown in FIG. 9 where a 

transmitting user signals, provided via the MTSO, to the mobile station travds along tiie boundary of multiple base 

mobile station using the assigned FN codes in addition to 40 stations. 

acquiring signals received from the mobile station, block In FIG. 9 a soft handoff is in process wherein the user 

208. conversation is between a mobile station and another user 

The MTSO also sends a Handoff Direction Message to via base stations A and B and the MTSO, block 250. The 

both of base stations A and B for fransmission to the mobile niobile station may for example be closest to tiie boundary 

station. The Handoff Direction Message indicates to tiie 45 of cells serviced by base stations A and B while travelling 

mobile station that the pilots of base station A and base towards a boundary of a ceU serviced by base station C. The 

station B are to be entered into the mobile station Active Set, mobile station detects a frdling in signal strength of Active 

block 210. The mobile station receives tiie Handoff Dircc- pilot A while also detectmg a rise in signal strength of a 

tion Message, block 212, and enters tiie pilots of base non-Active Set pilot, pilot C, block 252. WiOi die Active 

stations A and B into its Active Set The mobile station in so pOot A fallmg below tiie levd T J>ROP for ttie predetcr- 

response to this Handoff Direction Message begins to mined period of time along with the xising of pilot C above 

acquire the communications signals transmitted by base the threshold T^-ADD, a pilot strength measurement mes- 

station B with diversity combining of the signals of base sage is generated and transmitted, to base stations A and B, 

stations B and A, block 214. The mobile station is thus block 254. Base stations A and B receive the pilot stiengtii 

communicating with the other user through both of base 55 measurement message and relay tiie message on to the 

stations A and B. MTSO, block 256. 

The mobile unit continues travelling through the sy ston, In response to this message the MTSO determines that the 

such as by leaving the coverage area of base station A and Active Set for the mohUe should contain only the pilots of 

entering the coverage area of base station B. As the mobile base stations B and C and not that of base station A. 

station travels fturdier into the coverage area of base station 60 Accordingly the MTSO sends a set-up message to base 

B the mobile station searcher receiver measures a signal station C for it to establish communications with the user, 

strcngdi of the Active pilot of base station A which has Base station C in response begins transmitting the message 

fallen, block 216. As discussed previously, when tiie pilot of signals from die user, provided thereto via the MTSO, in 

base station A drops below tiic threshold T_DROP for a addition to acquiring signals from tiie mobile station for 

period oftime determined by tiie parameter T_TDROP,ttie 65 transfer to tiie MTSO, block 258. 

mobile station generates and transmits a corresponding Pilot The MTSO generates the Handoff Direction Message, 

Strength Measurement Report Message to botii bases sta- whidi identtiies only base stations B and C for Active Set 
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members, and communicates this message to base stations 
A, B and C Each of base stations A, B and C transmit ttie 
Handoff Direction Message to tlie mobile station, blodc 260. 

The mobile station receives this Handoff Direction 
Message, block 262. The mobile station in response to the 
Handoff Direction Message removes the base station A pilot 
from the Active Set and discontinues demodulation signals 
transmitted from base station A. The mobile station thus 
discontinues diversity combining of the signals from base 
stations A and B. However the mobile station begins to 
demodulate flie signals received from base station C along 
with those received from base station B and diversity 
combines with the signals received from base station B and 
C block 264. 

Contenqwraneous with the communication of the Hand^ 
off Direction Message to the mobile station, the MTSO also 
begins tearing down the call communicated through base 
station A. The MTSO sends messages to base station A* 
whidi in response thereto discontinues cominunications 
with the mobile station, block 266. 

The mobile unit continues travelling through the system, 
sudi as by leaving the coverage area of base station B and 
entering the coverage area of base station C. As the mobile 
station travels further into the coverage area of base station 
C the mobile station searcher receiver detects a falling in 25 
signal strength of the Active pilot of base station B, block 
268. When the pilot of base station B drops below the 
threshold T_DROP for a predetermined period of time the 
mobile station generates and transmits a corresponding Pilot 
Strength Measurement Report Message to both bases sta- 30 
tions B and C, block 270. One or both of base stations B and 
C receive the Pilot Strength Measurement Report Message 
and transfer it on to the MTSO, block 272. 

The MTSO in response to the Pilot Strength Measurement 
R^rt Message makes a decision that the pilot of base 
station B is to be removed from the mobile station Active list 
so as to tenninate communicatioiis through base station B. 
Accordingly, the MTSO generates a Handoff Direction 
Message that is communicated to both of base stations B and 
C. This Handoff Direction Message identifies only the pilot 40 
of base station C and is transmitted by both of base stations 
B and C to the mobile station, block 274. 

The mobile station receives this Handoff Direction 
Message, block 276. The mobile station in response removes 
the base station B pilot from the Active Set and discontinues 45 
using signals transmitted from base station B. The mobile 
station discontinues diversity combining of the signals from 
base stations B and C and demodulates only the signals 
received from base station C, block 278. 

Contemporaneous with the communication of the Hand- 
off Direction Message to mobile station, the MTSO also 
begins tearing down the call communicated through base 
station B. The MTSO sends messages to base station B, 
which in response thereto discontinues communications 
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Station shouldpiovide for differential path delays of up to at 
least 150 fisec. 

It should be noted tiiat mobile station transmission power 
control is continued during a soft handoff. For example, the 
power control bits transmitted from each base station are 
received and demodulated by the mobile station and are used 
in the control of the mobile station transmitter power. The 
Handoff Direction Message preferably identifies base sta- 
tions transmission by groups by indicating which base 
station transmissions carry identical power control bits. The 
mobile station then may provide diversity combining of 
power control bits within each group. The mobile station 
may then obtain one power control decision bit from each 
group. If all resulting bits request an increase, i.e., are equal 
to the mobile station increases its transmitter power, and 
if any one of these bits indicates a decreases, Le., is equal to 
*1% the mobile station decrease its transmitter power. 

The previous description of the preferred emtx)dinients 
are provided to enable any person skilled in the art to make 
or use the present invention. Various modifications to these 
embodiments will be readily apparent to those skilled in the 
art, and the generic principles defined herein may be applied 
to other embodiments without die use of the inventive 
faculty. Thusy the present invention is not intended to be 
limited to the embodiment herein, but is to be accorded the 
widest scope consistent with the principles as novel features 
disclosed herein. 

We claim: 

1. In a cellular communication system in whidi a mobile 
user communicates with otiier users via at least one base 
station, wherein each of a pluraliQr of base stations within 
said system transmits a unique pilot signal, a mobile station 
transceiver comprising: 

a pilot signal strength measurement circuit for measuring 
strengtii of base station transmitted pilot signals and for 
generating a first signal strength message when one or 
more of said measured pilot signals, from base stations 
not currently in communication with said mobile sta- 
tion transceiver, exceed a first predetermined level; 

a mobile station transmitter for transmitting said first 
signal strength message to at least one of said base 
stations with which said mobile user is cucrentiy in 
communication; and 

a mobile station receiver for receiving a first direction 
signal from at least one of said base stations with which 
said mobile user is currentiy in communication; 

wherein in response to said first received direction signal 
communication is established between said mobile 
station transceiver and at least one of said base stations 
from which were received said measured pilot signals 
exceeding said first predetermined level. 

2. The mobile station transceiver of claim 1 wherein said 
pilot signal strength measurement circuit includes means for 
generating a second signal strength message when one or 



with the mobile station, block 280. The sequential soft ss moreof said measured pilot signals, from at least one of said 



handoff is now complete in that the mobile station which 
originally communicated with the other user through base 
stations A and B, then through base stations B and C, now 
only conmiunicates with the otiier user through base station 
C, block 282. 

All base stations participating in a soft handoff transmit 
identical modulation symbols, with the exception of the 
closed loop power control signals as mentioned in the U.S. 
Fat No. 5,056,109, on the communication channel dedi- 



base stations currentiy in communication with said mobile 
station transceiver, fail below a second predetermined level 
3. The mobile station transceiver of claim 2 wherein said 
mobile station transmitter operates to transmit said second 
60 signal strength message to at least one of said base stations 
currently in communication with said mobile station 
transceiver, and wherein said mobile station receiver 
includes means for receiving a second direction signal from 



at least one of said base stations with which said mobile unit 
cated to the mobile station. The mobile station is capable of 6S transceiver is cuirently in communication, said mobile sta- 
providing diversity combining of these signals from the tion transceiver including a controller for terminating 
various base stations. In diversity combining, the mobile communication, in response to said second received direc> 



04/30/2004, EAST Version: 1.4.1 



5,640/ 

29 

tion signal, with at least one of said base stations from which 
were received said measured pilot signab below said second 
predetermined level. 

4. In a cellular communication system in which a mobile 
user conunuDicates through a mobile station transceiver with S 
other users via at least one base station, wherein each base 
station in said system transmits a unique pilot signal and 
wherein each base station is in communication with a system 
controller, said mobile station transceiver comprising: 

a pilot signal strengtfi measurement circuit for measuring lo 
signal strength of base station transmitted pilot signals 
from base stations included in a first Mst identifying a 
first set of said base stations; 

a comparator for comparing said measured pilot signal 
strengths to a first predetermined level; 

means for generating a second list identifying a second set 
of base stations by including within said second list 
those of said base stations on said first list for which 
said measured pilot signal strengths exceeded said first 
predetermined level; ^ 

a mobile station transmitter for transmittiiig said second 
list to at least a first of said base stations with which 
said mobile station transceiver is currently in commu- 
nication; 

a mobile station receiver for receiving, from at least one 
of said base stations with which said mobile unit 
transceiver is currently in communication, a third list 
identifying a third set of base stations available for 
communication with said mobUe station transceiver, 
said thir d list being generated by said system controller 
in accordance with said second list of base stations and 
on the basis of base station availability infonnation; 
and 

a mobUe station controller for directing said mobile 
station transceiver to establish communication with 
said third set of base stations. 

5. The mobile station transceiver of claim 4 wherein said 
pilot signal strength measurement circuit operates to mea- 
sure signal strength of pilot signals transmitted by each base ^ 
station of said second and third sets of base stations, and 
wherein said mobile station transmitter includes means for 
transmitting a particular base station listing of said second 
list to at least one of said base stations with which said 
mobile station transceiver is currently in communication, 
wherein a pilot signal strength measurement of a particular 
base station corresponding to said particular base station 
listing exceeds by a predetermined amount a pilot signal 
strength measur^ient of a base station cacresponding to a 
base station listing of said third list 

6. The mobile station transceiver of claim 5 wherdn said 
mobile station receiver further conges: 

means for receiving, from at least one of said base stations 
with which said mobile station transceiver is currently 
in conununication, an updated third list conq>rising said ^5 
particular base station listing, said updated third list 
being generated by said system controller on the basis 
of availabili^ of resources at said particular base 
station; 

means for removing said particular base station listing ^ 
from said second list; and 

means for establishing communication with said particu- 
lar base station. 

7. The mobile station transceiver of claim 4 further 
coi]q)rising: 65 

means for generating a fourth list identifying a fourth set 
. of base stations, said fourth list identifying ail base 
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stations unlisted in said first, second, or third lists, said 
pilot signal strength measurement circuit being opera- 
tive to measure signal strength of said pilot signals 
transmitted by each base station of said fourth set of 
base stations; 

means for comparing said signal strength measurements 
of said fourth set of base stations to said first prede- 
termined level; and 

means for removing a second particular base station 
listing from said fourth list and placing said second 
particular base station listing in said second Ust if the 
signal strength measurement of said second particular 
base station corresponding to said second particular 
base station listing exceeds said first predetermined 
level 

8. The mobile station transceiver of daim 7 furtiier 
comprising: 

means for removing, from said first list, each base station 
listing that has been in said first list for more than a 
predetermined time interval and for placing each such 
base station listing from said first list in said fourth list 

9. The mobile station transceiver of daim 4 further 
comprising: 

means for removing, from said second list, each base 
station listing having a coixcsponding signal strength 
measurement less than a second predetermined level 
for at least a predetermined time interval and for 
placing eadi such base station listing firom said second 
list in said first list 

10. The mobile station of daim 7 further comprising: 
means for removing, for each base station having a 

corresponding signal strength measurement less than a 
second predetermined levd for at least a predetermined 
time intenral, if said first list contains more than a 
predetermined number of base station listings, each 
corresponding base station listing from said second list 
and placing eadi such base station listing in said fourth 
list 

11. In a cellular telephone system in which a mobile 
system user and another system user communicate user 
information signals tiierebetween via at least one of a 
plurality of geographically separated ceU<sites eadi defining 
a respective geographic service area, said cdlular tdephone 
system induding a system controller for directing commu- 
nications between system users of said cellular tdephone 
system, a mobile station transcdver utilized by said mobile 
system user for communicating with said another system 
user via said at least one of said plurality of cell-sites, said 
mobile station transceiver comprising: 

a mobile station controller for determining, while said 
mobile system user Is in a service area of one cdl-site 
and communicating user information signals with said 
another system user via said one cdl-slte, a tiansitian 
of said mobile system user from said one cell-site 
service area to a service area of another cell-site, said 
system controller being operative to generate a handofF 
request in response to said determination of said tran- 
sition into said service area of said another cell-site; 
a mobile station transmitter for transmitting said handoff 
request to said one cell-site identifying said another 
ceU-site; and 

means for concurrentiy communicating said user infor- 
mation signals between said mobile station transcdver 
and said one and another cell-sites, said concurrent 
communication being established by said system con- 
troUex in accordance with said handoff request. 
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12. The system of daim 11 wherein eadi cell-site trans- 
mits a pilot signal indicative of said transniittiDg cell-site, 
said mobile station transceiver further comprising: 

a scanning receiver for receiving said cell<site transmitted 
pilot signals, measuring signal strength of each 
received pilot signal, comparing pilot signal strength 
measurements, and providing a signal strength signal 
indicative of a received pilot signal of greatest mea- 
sured signal strength and cell-site of origin; and 

a processor for receiving said signal strength signal and 
for, when said signal strength signal Indicates when 
said another cell-site transmitted pilot signal is of a 
signal strength greater than said one cdl-site transmit- 
ted pilot signal, generating said handoff" request 

13. In a cellular communication system in which a user at 
a mobile station conununicatcs with another system user via 
at least one base station, wherein each base station in said 
system transmits a unique pilot signal, a method for direct- 
ing communications between said mobile station user and 
said base stations coniprisiDg the steps of: 

measuring at said mobile station signal strength of base 
station transmitted pilot signals and genoating a signal 
strength message when one or more of said measured 
pilot signals, from base stations not currently in com- 
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munication with said mobile station, exceed a first 
predetermined level; 
establishing, upon generation of said signal strength 
message, communication between said mobile station 
and at least one of the one or more base stations from 
which were transmitted said one or more measured 
pilot signals exceeding said first predetermined level. 

14. The method of daim 13 furiha comprising the steps 
of: 

communicating said signal strength message, &om said 
mobile station to at least one base station said mobile 
station is in communication with; and 

communicating to said mobile station, via said at least one 
base station said mobile unit is in communication with, 
a direction message indicating said mobile station is to 
establish conununications through each of said one or 
more base stations from which were transmitted said 
one or more measured pilot signals exceeding said first 
predetermined level. 

15. The method of daim 13 In which said mobile station 
user communicates witfi said another system user via said at 
least one base station using spread spectrum communication 
signals. 
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